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Abstract: If cosmological inflation is due to a slowly rolling single inflation field tak-
ing trans-Planckian values as suggested by the BICEP2 measurement of primordial tensor
modes in CMB, embedding inflation into the Standard Model challenges standard paradigm
of effective field theories. Together with an apparent absence of Planck scale contributions
to the Higgs mass and to the cosmological constant, BICEP2 provides further experimen-
tal evidence for the absence of large MP induced operators. We show that classical scale
invariance – the paradigm that all fundamental scales in Nature are induced by quantum
effects – solves the problem and allows for a remarkably simple scale-free Standard Model
extension with inflaton without extending the gauge group. Due to trans-Planckian in-
flaton values and vevs, a dynamically induced Coleman-Weinberg-type inflaton potential
of the model can predict tensor-to-scalar ratio r in a large range, converging around the
prediction of chaotic m2φ2 inflation for a large trans-Planckian value of the inflaton vev.
Precise determination of r in future experiments will single out a unique scale-free inflation
potential, allowing to test the proposed field-theoretic framework.
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1 Introduction
The Background Imaging of Cosmic Extragalactic Polarization (BICEP2) measurement of
tensor modes from large angle Cosmic Microwave Background (CMB) B-mode polarisa-
tion [1] confirms the last missing generic prediction of the inflationary paradigm [2–4] –
the existence of primordial tensor perturbations from gravity waves [5–7]. All collected
experimental data from structure formation and CMB anisotropies are consistent with the
predictions of single field canonical slow-roll inflation. In the present era of precision cos-
mology the main question has moved from finding another tree-level inflaton potential that
predicts observables consistently with observations (for reviews see [8–10]), to the chal-
lenge of how to embed the inflation into the Standard Model (SM) consistently with our
knowledge of particle physics and quantum field theory.
BICEP2 has detected primordial gravitational waves, measuring the tensor-to-scalar
ratio to be [1]
r = 0.20+0.07−0.05. (1.1)
After subtracting an estimated dust foreground the central value of the measurement may
be reduced to r = 0.16+0.06−0.05. Eq. (1.1) is in moderate tension with the upper bound r < 0.11
given by the Planck Mission [11]. We assume that this discrepancy will be resolved by new
data or by some other means [12]. The BICEP2 result, if confirmed, corresponds to the
Hubble parameter H∗ ∼ 1014 GeV and inflaton potential V ∼ (1016 GeV)4 during inflation.
This implies, in a model-independent way via the Lyth bound [13, 14], trans-Planckian
values for the inflaton field. This also implies that the measured primordial curvature
perturbations are dominantly generated by a slowly rolling inflaton (see [15] for an update
of popular models), disfavouring curvaton scenarios [16] and allowing to rule in or rule out
the slow-roll inflation with future measurements of non-Gaussianity fNL [16, 17]. Although
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alternative scenarios can be saved by adding extra fields and dynamics to models, in the
following we shall assume that the BICEP2 result favours generic trans-Planckian single
field slow-roll inflation.1
Perhaps the most intriguing and most studied consequence of the BICEP2 result is
the high scale of inflation. Following the standard Wilsonian prescription, the inflaton φ
potential can be written as
V = Vren +
∞∑
n=5
cn
φn
Mn−4P
, (1.2)
where Vren is the renormalisable part of inflaton potential, MP = 2.4 × 1018 GeV is the
reduced Planck mass, and cn are the Wilson coefficients of gravity-induced higher order op-
erators. Since BICEP2 implies φ/MP >∼ (1÷10) [21], the infinite sum of non-renormalisable
operators in (1.2) is badly divergent, predicting V  (1016 GeV)4 and messing up the infla-
tion [22] and (meta)stability of the scalar potential [23]. At the same time, inflation models
with a modified inflaton kinetic term,
Lkin =
1
2
f
(
φ
MP
)
∂µφ∂
µφ, (1.3)
where f is a function of MP-suppressed operators, have gained popularity after BICEP2.
The reason is that after canonically normalising the kinetic term, the inflaton potential
changes shape. This has been used to construct models consistent with Eq. (1.1), for
example to save Higgs inflation.2 Using non-renormalisable operators in the regime φ/MP >
1 is highly questionable.
Trans-Planckian inflaton values have created a lot of confusion in physics community.
The proposed solutions vary from assumptions that the unknown UV theory of gravity
is such that all non-renormalisable operators are exponentially suppressed [22, 45–47], to
abandoning the inflation as the origin of density perturbations [17]. However, in the light
of successful experimental verification of all five generic predictions of the slow-roll inflation
(almost scale-invariant density perturbations, adiabatic initial conditions, nearly Gaussian
fluctuations, spatial flatness, and, finally, tensor perturbations from gravity waves) one
should first study the implications of the BICEP2 result to our understanding of quantum
field theories. This is the aim of our work.
We argue that the apparent absence of the Planck scale induced operators (1.2) and
(1.3), as proven experimentally by the BICEP2 result, is an evidence for classically scale-
free fundamental physics. This implies that all scales in physics are generated by quantum
effects. We show that this paradigm can be extended also to inflation in phenomenologically
1If the change of  is not monotonous, r compatible with the BICEP2 results is possible for sub-Planckian
inflation [18–20]. In this case a more precise measurement of αT wil decide between sub- and trans-Planckian
inflation.
2The SM Higgs inflation [24] suffers from the vacuum stability problem [25–27], requires a non-minimal
inflaton coupling to gravity, and predicts r  0.16. To make Higgs inflation viable, vacuum must be made
stable with help of extra singlet scalars [28–32] or the top quark mass must be fine-tuned [33, 34] to a value
that is disfavoured by experimental data by 2.2σ [25] to 3.6σ [35, 36], or extra fermions must be added [37].
For recent papers on Higgs inflation scenarios see [38–44].
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successful way. We present and embed a most minimal scale-free inflation model in the scale-
free SM and show that the result is predictive and can be consistent with the BICEP2 and
Planck measurements.
The idea of scale-invariant inflation is not new. Already the very first papers on inflation
[3, 4, 48–50] considered dynamically induced inflaton potentials à la Coleman-Weinberg [51].
Since then the Coleman-Weinberg inflation has been extensively studied in the context of
grand unified theories [52–55] and in U(1)B−L extension of the SM [56, 57]. The com-
mon feature of all those models, probably inherited from the original Coleman-Weinberg
paper [51], is that the dynamics leading to dimensional transmutation is induced by new
gauge interactions beyond the SM. However, the dimensional transmutation does not need
extra gauge interactions! It can occur just due to running of some scalar quartic cou-
pling λ(µ)φ4 to negative values at some energy scale µ due to couplings to other scalar
fields, generating non-trivial physical potentials as demonstrated in Ref. [58]. The models
of this type are simple and generic, and therefore we call them the minimal scale-free (or
Coleman-Weinberg) models. In this paper we study this type of inflation models.
Working consistently with the one loop effective inflaton potential that is induced
by inflaton couplings to other fields, we first study model-independent predictions of this
scenario. We find that the spectral index ns and the tensor-to-scalar ratio r are strongly
correlated in this scenario. The latter can easily take large values measured by the BICEP2.
In fact, the model predictions for r converge towards the prediction of chaotic inflation
potential m2φ2 if the inflaton vacuum expectation value (vev) is induced at trans-Planckian
scales. This is the reason why our results differ from the results of Ref. [56]. Since our results
are predictive, precise measurement of the tensor-to-scalar ratio in future experiments will
essentially fix the inflaton potential of the minimal scale-free inflation scenario. After that
we present the most minimal scale-free inflation model containing two real scalar fields in
which this inflation scenario is realised, and work out model predictions explicitly. We
also work out constraints on the inflaton couplings to other fields in order not to spoil the
predictions of inflation. We argue that the most natural way of reheating is the inflaton
decays into the right-handed neutrinos consistently with successful leptogenesis.
2 Scale invariance and inflation
Recently, the BICEP2 measurement of the tensor-to-scalar ratio r is the second experi-
mental result challenging fundamentals of the standard Wilsonian paradigm of renormal-
isation of quantum field theories. The first was the discovery of Higgs boson with mass
mH = 125.5 GeV [59, 60]. According to Wilsonian paradigm, marginal operators, such
as the Higgs mass term m2|H|2, should receive large, quadratically divergent contributions
from any high scale they couple to. Therefore, no light scalars must exist in Nature and one
anticipates m2H ∼M2P. This is nothing but the well known naturalness problem! The Higgs
discovery, and the absence of supersymmetry signal at the LHC, hint that the concept of
naturalness must be revised [58].
Similarly, the BICEP2 result implies the absence of non-renormalisable operators (1.2)
and (1.3) that are suppressed by an explicit mass scale, MP. By the common lore, all those
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operators must exist and be unsuppressed above MP. To the contrary, the BICEP2 result
shows us that particle physics seems to work above the Planck scale the same way it does
below the Planck scale.
Here we argue that there is a common solution to both problems – the classical scale
invariance of laws of physics (see [56, 58, 61–86]). This means that the fundamental La-
grangian must contain no explicit mass scales, such as the electroweak scale Higgs mass
or the Planck scale suppressed operators. All scales in physics, and we know that there
are scales in physics, must be generated by dynamical dimensional transmutation. Here
we accept that the BICEP2 result provides another experimental hint of the classical scale
invariance as a fundamental law of nature.
Scale-free models of dynamical electroweak symmetry breaking, dark matter and infla-
tion require just a minimal extension of the SM. For example, in Ref. [31] all three tasks
were achieved by extending the SM by only one complex singlet scalar field S without im-
posing any additional symmetry for stabilising the dark matter. In this model the inflaton
potential is of λφφ4 type (because vφ ∼ TeV) that predicts large tensor-to-scalar ratio r
close to the 2σ upper limit of BICEP2 measurement. This value is in clear contradiction
with the Planck result. To lower the Ref. [31] model prediction for r to the experimentally
preferred values 0.1 <∼ r <∼ 0.2, the simplest solution is to introduce a non-minimal coupling
of inflaton φ = Re(S) to gravity [87–91], ξφ2R, where R is the Ricci scalar. Such a coupling
flattens the inflaton potential at high scales and the model predictions for r can be tuned to
the required range. We leave studies of such a inflation model to a future publication [92].
In this work we choose a different approach – we neglect the non-minimal coupling, add the
inflaton φ as a new field and assume that all measured inflation observables are induced
by a scale-free scalar theory. We show that scale-free theory can predict the main inflation
observables, (ns, r), in a narrow correlated range. Future precision measurements of these
observables will essentially fix the model parameters.
3 Properties of single field scale-free inflation scenario
We start by studying generic properties of single field scale-free inflation scenario. First we
take a model-independent approach and assume that the shape of the potential is generated
dynamically by one-loop effects without specifying the underlying physics. Therefore our
approach can be viewed as an effective Lagrangian one. One concrete model realisation of
this type of potentials will be presented in the next section.
Our approach in this section is essentially the same as in Ref. [56] except that we
consider both the small and the large field inflation scenarios. However, our results and,
therefore, conclusions differ substantially. We shall explain this difference in results shortly.
The tree-level Lagrangian to start with is
V = Λ4 +
λφ
4
φ4, (3.1)
where φ is the inflaton field and Λ is the cosmological constant needed to tune the potential
of the minimum to zero. While particle physics observables depend only on the difference
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of the potential, gravity couples to the absolute scale creating the cosmological constant
problem that so far does not have a commonly accepted elegant solution. In the following
we view the existence of Λ as a phenomenological necessity and accept the fine tuning
associated with it.
In realistic models of inflation one has to consider effects of inflaton couplings to itself
and to other fields. Working consistently at one loop level, one obtains from (3.1) the
renormalisation group improved effective inflaton potential à la Coleman-Weinberg [51],
Veff = Λ
4 +
βλφ
4
ln
∣∣∣∣ φφ0
∣∣∣∣φ4, (3.2)
where the beta-function βλφ describes running of λφ due to inflaton couplings and φ0 is the
scale induced by dimensional transmutation that is closely related to the minimum of the
potential. Unlike the previous works [3, 4, 52–56], we will make do without extending the
gauge symmetries of the SM. Computational details will be presented in the next section.
The shape of the potential is illustrated in Fig. 1. This is an example how a scale of physics
is generated in initially scale-invariant theory.
For further use it is convenient to rewrite the potential (3.2) as
Veff = Λ
4
(
1 +
βλφ
4Λ4
ln
∣∣∣∣ φφ0
∣∣∣∣φ4) , (3.3)
where we have factorised out the constant Λ. This potential has a minimum at
vφ =
φ0
4
√
e
. (3.4)
According to our assumptions, the cosmological constant Λ is adjusted so that V (vφ) = 0.
This is needed in order to avoid φ = vφ as an allowed inflaton initial configuration that
leads to eternal inflation and the concerning issues [93]. Solving this constraint for Λ, we
get
Λ = φ0
4
√
βλφ
16e
. (3.5)
We do not attempt to solve the cosmological constant problem in this work and consider
Eq. (3.5) as a phenomenological necessity.
The potential (3.3) represents a dynamical realization of the inflaton potential. As
depicted in Fig. 1, such a shape allows for two different, generic types of inflation depending
on the initial conditions:
i. Small-field hilltop inflation, when φ rolls down from small field values towards vφ
ii. Large-field chaotic inflation, when φ rolls down from large field values towards vφ.
Following [10], it is straightforward to compute the slow roll parameters, number of e-folds
N , spectral index ns and its scale dependence, tensor-to-scalar ratio r and other inflation
observables for the potential (3.3). We study for which parameter space this potential can
support phenomenologically acceptable inflation.
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Figure 1. The shape of scale-free inflaton potential. Both chaotic (red) and hilltop (blue) inflation
are allowed.
The result in the (ns, r) plane is presented in Fig. 2. The red and the blue regions
correspond to the predictions of our model producing N ∈ [50, 60] e-folds of inflation. We
considered φ0 in the range3 [0.1, 1000]MP.
The blue region represent the hilltop inflation configuration while the red one corre-
sponds to the chaotic inflation. For reference and for interpretation of our result we also
plot the predictions of V = m
2
2 φ
2 (yellow) and V = φ4 (green) potentials. The hilltop
inflation takes place in the region under the yellow line, while chaotic inflation occurs in
the region above it. The chaotic region, of course, also contains the simple φ4 model. The
grey band represents the 2σ BICEP2 result while the black lines are the 1σ and 2σ Planck
bounds.
It follows from Fig. 2 that the spectral index and the tensor-to-scalar ratio are strongly
correlated in the considered scale-free inflation scenario. Present experimental accuracy
allows for quite large model parameter space consistent with the BICEP2 result, with the
Planck result, and with the both. In particular, with the present accuracy the data cannot
not distinguish between the hilltop and the chaotic inflation. With more data, however,
this situation may change and experimental data would be able to uniquely identify the
inflaton potential of our model. After BICEP2, the m
2
2 φ
2 chaotic inflation potential has got
a lot of attention since its predictions agree well with experimental results. A particularly
interesting conclusion of our work is that the scale-free inflation with non-vanishing inflaton
couplings can reproduce the same result. In our case this corresponds to the limit of
very large inflaton vev, vφ  MP. In this limit the shape of inflaton potential around
the minimum becomes symmetric and inflation observables lose sensitivity to the initial
3This is a crucial difference with [56], in which they consider vφ < MP, which automatically implies
that the standard paradigm of inflation cannot work in the hilltop region, since one cannot satisfy the Lyth
bound [13, 14].
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Figure 2. Predictions for tensor-to-scalar ratio r as a function of ns for N ∈ [50, 60] e-folds. The
blue region represent the hilltop inflation configuration while the red one the chaotic inflation. For
reference we also plot predictions of m
2
2 φ
2 (yellow) and φ4 (green) potentials. The 2σ BICEP2 band
and 2σ, 1σ Planck bounds are also presented.
conditions. To explain this limit better, we plot in Fig. 3 the predicted range for r in
function of φ0 producing N ∈ [50, 60] e-folds of inflation in our model and in the m22 φ2
inflation. The colour code is the same as in previous figures. We can see that for vφ MP,
the three different regions overlap. Therefore, if future data will determine (ns, r) along
the yellow line in Fig. 2, this will support the scale-free inflation with a trans-Planckian
inflaton vev.
We note that the parameter space considered in Ref. [56] corresponds to the tail of blue
region in Fig. 2 with r  0.1 and ns < 0.945. Therefore those authors mistakenly concluded
that the scale-free inflation is not consistent with Planck results. The reason for that is
that they considered only inflaton field values below the Planck scale. In our opinion this
assumption is overly restrictive.
To explain our results in more detail we present in Fig. 4 dynamically generated values
for the inflaton mass mφ against the inflaton quartic self-coupling λ∗φ at the beginning of
inflation (denoted by the star). The colour code is the same as in Fig. 2. We see that the
phenomenological requirement is that the inflaton mass is always of the order O(1013) GeV.
We also see that the hilltop inflation, of course, starts only when λ∗φ is negative, while the
chaotic inflation, instead, can take place for positive λ∗φ. This is the result of dimensional
transmutation. The absolute magnitude of λ∗φ is tiny, O(10−13). In scale-free inflation
scenarios the existence of small scalar couplings have natural phenomenological explanation.
Namely, dimensional transmutation occurs when λφ runs through zero value. Thus the
inflation naturally occurs when λ∗φ ≈ 0 at very high scales.
As expected in slow roll models, the running of the spectral index dnsd ln k in this framework
is quite small, dnsd ln k ∈ [−0.0014, 0.0045]. In particular, dnsd ln k ∈ [0.0005, 0.0045] for the chaotic
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Figure 3. The predicted range for r in function of φ0 producing N ∈ [50, 60] e-folds of inflation in
our model and in the m
2
2 φ
2 inflation. The colour code is the same as in previous figures.
Figure 4. The range for mφ and λ∗ corresponding to the results in Fig. 2. The colour code is the
same as in previous figures.
inflation scenario and dnsd ln k ∈ [−0.0014, 0.0008] for the hilltop inflation scenario.
4 The minimal scale-free model for inflation
The results presented in previous section are model independent. In this section we present
the minimal scale-free inflation model giving rise to the inflaton potential (3.3). As ex-
plained before, by minimal we mean no new gauge interactions beyond the SM, the dimen-
sional transmutation is induced by singlet inflaton coupling with another singlet.
We consider the following Lagrangian that extends the SM by two real singlet scalar
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field φ and η and three heavy singlet right-handed neutrinos Ni:
L = LSM + 1
2
∂µφ∂
µφ+
1
2
∂µη∂
µη + LY − V, (4.1)
LY = Y ijN L¯iiσ2H∗Nj + h.c.+ Y ijφ N¯ ciNjφ
+ Y ijη N¯
c
iNjη, (4.2)
V = Λ4 +
1
2
λhφ|H|2φ2 + 1
2
λhη|H|2η2
+
λφ
4
φ4 +
λφη
4
η2φ2 +
λη
4
η4, (4.3)
where LY presents scalar Yukawa couplings with the right-handed neutrinos needed to
generate small neutrino masses via seesaw mechanism [94–100], leptogenesis [101] and re-
heating of the Universe. H is the SM Higgs field and L is the left-handed lepton doublet.
We assume that the kinetic terms are canonically normalised and there are no explicit mass
terms in the scalar potential V . The couplings in LY run according to the coupled set of
renormalisation group equations (RGEs) given in the Appendix A. We derived the RGEs
using the PyR@TE package [102].
The one-loop inflaton effective potential can be written as
Veff = V + ∆V, (4.4)
where the loop-level contribution reads
∆V =
1
64pi2
[
2∑
i=1
m4i
(
ln
m2i
µ2
− 3
2
)
−2 tr
{
MNM
†
N
(
ln
MNM
†
N
µ2
− 3
2
)}]
.
(4.5)
Here m2i are the eigenvalues of the field-dependent scalar mass matrices
m2φη =
(
3λφφ
2 + 12λφηη
2 λφηφη
λφηφη 3ληη
2 + 12λφηφ
2
)
, (4.6)
MN = Yφφ+ Yηη, (4.7)
and µ is the renormalisation scale. We have neglected the Higgs contributions to ∆V
since those are proportional to the portal couplings λhφ and λhη that are constrained to be
negligibly small due to their contributions to the Higgs boson mass (see numerical estimates
below). The Higgs field will act as light spectator without giving sizeable contributions to
inflationary or post-inflactionary dynamics. For cases in which the Higgs field has a more
active role, see [44, 103–107]. Inflation will take place in the direction η = 0, which is the
minimal value for the field η. We will see later that such an assumption is self-consistent.
The RGE improved effective potential for the direction of φ reads
Veff = Λ
4 +
λφ(µ)φ
4
4
+
λ2φη
256pi2
(
ln
φ2λφη
2µ2
− 3
2
)
φ4,
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Figure 5. The range for λ∗ and λφη. The colour code is the same as in previous figures.
where we neglect the λφ contribution (since it must be extremely small, see Fig. 4) and the
heavy neutrino contributions at one loop level. The beta function βλφ is dominated by λφη.
In the previous section we treated βλφ as a constant. It can be easily checked that also this
assumption is consistent. Therefore
Veff = Λ
4 +
λ2φη
256pi2
(
ln
µ2
µ20
+ ln
λφηφ
2
2µ2
− 3
2
)
φ4, (4.8)
where µ0 is defined by λφ(µ0) = 0. We can eliminate the dependence on the renormalisation
scale, getting
Veff = Λ
4 +
λ2φη
256pi2
[
ln
(
λφηφ
2
µ20
)
− 3
2
]
φ4. (4.9)
It can be easily checked that λφη should be small enough to be approximated βλφη ∼ 0,
therefore λφη can be treated as a constant value and so βλφ .
Then we can make a simple reparametrization getting
Veff = Λ
4 +
λ2φη ln
φ2
φ20
256pi2
φ4, (4.10)
where φ0 =
√
2e3/2
λφη
µ0. We see that we have reproduced the potential Eq. (3.2). There-
fore, the results presented in the previous section all hold for this model, up to a proper
redefinition of the parameters.
In Figure 5 we give the plot λ∗ in function of the portal coupling λφη. The colour code
is the same as in previous figures. We can appreciate again that λ∗ is positive for large field
inflation, while it is negative for the hilltop one. λ∗ approaches zero in the region in which
the potential gets closer to the m2φ2 potential. We see that λφη . 10−5. Moreover, the
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Figure 6. The range for mη and mφ. The colour code is the same as in previous figures.
scalar η gets a mass via portal coupling 4 as
mη =
√
λφη
2
vφ. (4.11)
For the presented inflation scenario to be consistent, the self-coupling of η has to be positive,
λη > 0, but otherwise can have any value. We remind the reader that in this scenario vφ
tends to be very large, typically above Planck scale. Therefore very large particle mass mη
can be obtained for relatively small λφη.
In Fig. 6 we present the range for mη and mφ. As before, the blue region represent
the hilltop inflation configuration while the red one the chaotic inflation. We see that
mη ∼ 1017 GeV which is one order of magnitude larger than the inflation scale ∼ 1016 GeV,
and several orders of magnitude larger than mφ. Therefore, it is natural to assume that η
is decoupled and is frozen at its minimum η = 0 during inflation. Otherwise the η potential
will dominate the energy density and inflation would not occur. It has been shown in
Ref. [108] that η = 0 is quickly achieved during inflation due to the portal coupling λφη.
Thus the model is self-consistent.
So far we have shown that the inflaton couplings may be responsible for generating
the inflaton potential at one loop. We also know that inflaton must decay and reheat the
Universe. Let us consider constraints on inflaton couplings from reheating. The reheating
temperature induced by the inflaton decays is given by
TRH =
(
90
pi2g∗
) 1
4 √
ΓMP, (4.12)
where Γ is the total width of the inflaton, and g∗ is the number of relativistic degrees
of freedom in the model. In our scenario reheating cannot happen via inflaton decays
4In a similar way we could also generate dynamically the Higgs boson mass term, via the portal λhφφ2h2.
However this will require an extremely fine tuned λhφ, since vφ > MP. It is not in the purpose of this paper
to discuss how the electroweak scale is generated and how to consistently embed inflation and SM in a full
classical scale invariant model. We leave such studies to a future publication [92].
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into the Higgs boson pairs because the Higgs-inflaton coupling λhφφ2h2 is constrained to
be extremely small due to very large inflaton vev (vφ > MP) contribution to the Higgs
mass. Supposing that the portal gives a tree level contribution to the Higgs mass of order
1 GeV, which is around 3σ uncertainty of the present Higgs mass, for vφ ' 1.4× 1020 GeV
we get λhφ ' 5 × 10−41 and a reheating temperature TRHH ∼ 7 × 10−20 GeV, which is
phenomenologically unacceptable.
Instead, reheating and leptogenesis can take place via inflaton decays directly into the
right-handed neutrinos driven by the Yukawa couplings Yφ. Such Yukawas are constrained
by the requirement that they would not spoil the inflation potential, and that the right-
handed neutrino masses are smaller than at least a half of the inflaton mass. It can be
easily checked that the most constraining one is the last bound, which implies Yφ . 0.1λφη,
which ensures that the Yukawa loop contribution to Veff are negligible. For example, for
Λ ' 2.5 × 1016 GeV and vφ ' 1.4 × 1020 GeV, we get r ' 0.1. If the inflaton does not
have any other sizeable coupling but Yφ, as we assume here, it directly decays to Ni which
decay asymmetrically to L¯H and LH¯ generating the baryon asymmetry and reheating the
Universe. For details of this scenario see Ref. [109].
5 Discussion and Conclusions
The BICEP2 measurement (1.1), that we assume will be confirmed by other experiments,
motivated us to study predictions of classically scale-free single field inflation. In this sce-
nario the inflaton potential as well as all mass scales are generated dynamically via dimen-
sional transmutation due to inflaton couplings to other fields. This approach is conceptually
different from a typical inflation study which considers a tree-level inflaton potential and
checks that all other effects are small. Therefore, to achieve our aims, we have worked
consistently at one loop and computed the one-loop effective inflaton potential improved
with one-loop renormalisation group equations presented in Appendix A. Since the inflaton
field must take trans-Planckian values, gravity above the Planck scale must couple weakly
to particle physics. Classical scale invariance provides also a natural solution to the absence
of large Planck suppressed non-renormalisable operators. Such classically scale-free models
of gravity have been proposed recently in Ref. [45].
First, working model independently with Coleman-Weinberg type single inflaton poten-
tial (3.3), we computed which values of r and ns the model can accommodate. The results
show that r and ns are strongly correlated but the present experimental accuracy does not
allow to specify the model parameters, and almost any value of r is, in principle, achiev-
able. However, if future measurements will determine r and ns with high accuracy, this
scenario must pass non-trivial tests. Interestingly, if the future result is consistent with the
prediction of tree level potential m2φ2, in the scale-free inflaton scenario this corresponds
to very large scale inflaton physics with its vev above the Planck scale.
We have presented a minimal scale-free inflaton model and shown with explicit com-
putation how the inflaton potential arises from dimensional transmutation. We computed
RGEs for this model and present those in the Appendix A. We conclude that classically
– 12 –
scale-free inflation models are attractive, self-consistent framework to address physics above
Planck scale.
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A One-Loop RGEs
The one-loop RGEs of the scalar quartic couplings and the Yukawa couplings are given by
16pi2βλh = β
SM
λh
+
1
2
(λ2hφ + λ
2
hη) + 2λh(trY
†
NYN + trY
∗
NY
T
N )− trYNY †NYNY †N (A.1)
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